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HEAT ASSISTED MAGNETIC RECORDING HEAD WITH HYBRID WRITE POLE 

CROSS REFERENCE TO RELATED APPLICATION 
This application claims the benefit of United States Provisional 
AppUcation No. 60/346,605 filed January 8, 2002. 

FIELD OF THE INVENTION 
The invention relates to magnetic recording heads, and more particularly, 
to a heat assisted magnetic recording head with a hybrid write pole. 

BACKGROUND OF THE INVENTION 

Magnetic recording heads have utility in a magnetic disc drive storage 
system. Most magnetic recording heads used m such systems today are "longitudinal" 
magnetic recording heads. Longitudinal magnetic recording in its conventional form has 
been projected to suffer from superparamagnetic instabilities at densities above 
approximately 40 Gbit/in^ It is believed that reducing or changing the bit cell aspect 
ratio will extend this limit up to approximately 100 Gbit/in^. However, for recording 
densities above 100 Gbit/in^, different approaches will likely be necessary to overcome 
the limitations of longitudinal magnetic recording. 

An alternative to longitudinal recording that overcomes at least some of 
the problems associated with the superparamagnetic effect is "perpendicular" magnetic 
recording. Perpendicular magnetic recording is believed to have the capability of 
extending recording densities well beyond the limits of longitudinal magnetic recording. 
Perpendicular magnetic recording heads for use with a perpendicular magnetic storage 
medium may include a pair of magnetically coupled poles, including a main write pole 
having a relatively small bottom surface area and a flux return pole having a larger 
bottom surface area. A coil having a plurality of turns is located adjacent to the main 
write pole for inducing a magnetic field between the pole and a soft underlayer of the 
storage media. The soft underlayer is located below the hard magnetic recording layer of 
the storage media and enhances the amplitude of the field produced by the main pole. 
This, in turn, allows the use of storage media with higher coercive force, consequently, 
more stable bits can be stored in the media. In the recording process, an electrical 
current in the coil energizes the main pole, which produces a magnetic field. The image 
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of this field is produced in the soft underlayer to enhance the field strength produced in 
the magnetic media. The flux density that diverges from the tip into the soft underlayer 
returns through the return flux pole. The return pole is located sufficiently far apart from 
the main write pole such that the material of the return pole does not affect the magnetic 
flux of the main write pole, which is directed vertically into the hard layer and the soft 
underlayer of the storage media. 

A magnetic recording system such as, for example, a perpendicular 
magnetic recording system may utilize a write pole having uniform magnetic properties, 
i.e. the write pole is formed of a single material having a uniform magnetic moment. 
However, such a write pole can exhibit skew effects which can degrade adjacent tracks. 

Such magnetic recording systems altematively may utilize a write pole 
having a "hybrid" design wherein, for example, a high saturation magnetic moment 
material is formed on top of or adjacent to a low saturation magnetic moment material. 
. This type of design has been found effective in, for example, reducing skew effects 
during the writing process. Specifically, the hybrid pole design provides the advantages 
of generating a strong magnetic field due to the existence of a thick channel for the 
magnetic flux, formed by both the low moment material and high moment material, and 
the advantage of locaUzing a strong magnetic field in the region defined by the thickness 
of the high moment material at the write pole^s trailing edge that is requked for writing 
on a high coercive medium. The highly localized magnetic field from the write pole 
allows the use of a narrower trackwidth mainly because flux is efficiently channeled into 
a narrow trackwidth. The strong magnetic fields provided by this write pole structure 
permits the use of a magnetic recording media having a high anisotropy, thereby limiting 
superparamagnetic instabilities at high recording densities. 

Another development that overcomes at least some of the problems 
associated with the superparamagnetic effect is heat assisted magnetic recording, 
sometimes referred to as optical or thermal assisted recording. Heat assisted magnetic 
recording generally refers to the concept of locally heating a recording medium to reduce 
the coercivity of the recording medium so that the applied magnetic writing field can 
more easily direct the magnetization of the recording medium during the temporary 
magnetic softening of the recording medium caused by the heat source. The heat 
assisted magnetic recording allows for the use of small grain media, which is desirable 
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for recording at increased areal densities, with a larger magnetic anisotropy at room 
temperature and assuring a sufficient thermal stability. 

More specifically, superparamagnetic instabilities become an issue as the 
grain volume is reduced in order to control media noise for high areal density recording. 
5 The superparamagnetic effect is most evident when the grain volume V is sufficienfly 
small that the inequality KuV/kalMO can no longer be maintained. Ku is the material's 
magnetic crystalline anisotropy energy density, ke is Boltzmann's constant, and T is 
absolute temperature. When tiiis inequality is not satisfied, thermal energy demagnetizes 
the individual grains and the stored data bits will not be stable. Therefore, as the grain 

10 size is decreased in order to increase the areal density, a threshold is reached for a given 
material Ku and temperature T such that stable data storage is no longer feasible. 

The thermal stability can be improved by employing a recording medium 
formed of a material with a very high Ku. However, with the available materials the 
recording heads are not able to provide a sufficient or high enough magnetic writing field 

15 to write on such a medium. Accordingly, it has been proposed to overcome the 
recording head field limitations by employing thermal energy to heat a local area on the 
recording inedium before or at about the time of applying the magnetic write field to the 
medium. By heating the medium, the Ku or the coercivity is reduced such that the 
magnetic write field is sufficient to write to the medium. Once the medium cools to 

20 ambient temperature, the medium has a sufficienfly high value of coercivity and assures 
thennal stability of the recorded- mformation. When applying a heat or light source to 
the medium, it is desirable to confine the heat or light to flie track where writing is taking 
place and to generate the write field in close proximity to where flie medium is heated to 
accomplish high areal density recording. The separation between the heated spot and the 

25 write field spot should be minimal or as small as possible so that the writing may occur 
while the medium temperature is substantially above ambient temperature. This also 
provides for the efficient cooling of the medium once the writing is completed. 

Accordmgly, there is identified a need for an improved magnetic 
recording head that overcomes limitations, disadvantages, and/or shortcomings of known 

30 magnetic recording heads. In addition, there is identified a need for an improved heat 
assisted magnetic recording head that overcomes limitations, disadvantages, and/or 
shortcomings of known heat assisted magnetic recording heads. 
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SUMMARY nF THE INVENTION 
Embodiments of the invention meet the identified needs, as well as other 
needs, as wUl be more fully understood following a review of the specification and 
drawings. 

In accordance with an aspect of the invention, a magnetic recording head 
for use in conjunction with a magnetic recording medium comprises a write pole for 
applying a magnetic write field to the magnetic recordmg medium and means for heating 
the magnetic recording medium proximate to where the write pole applies the write field 
to the magnetic recording medium. The write pole includes a first layer and a second 
layer, wherein the first layer has a first saturation magnetic moment and the second layer 
has a second saturation magnetic moment that is greater than the first saturation magnetic 
moment. 

In accordance with an additional aspect of the invention, a magnetic disc 
drive storage system comprises a magnetic recording medium and a magnetic recording 
head positioned adjacent to the magnetic recordmg medium. The magnetic recording 
head comprises a write pole for applying a magnetic write field to the magnetic recording 
medium and means for heating the magnetic recording medium proximate to where the 
write pole applies the write field to the magnetic recording medium. The write pole 
includes a first layer and a second layer, wherem the first layer has a first saturation 
magnetic moment and the second layer has a second saturation magnetic moment that is 
greater than the first saturation magnetic moment. The magnetic recording head may be 
a perpendicular magnetic recording head and the magnetic recording medium may be a 
perpendicular magnetic recording medium. 

In accordance with another aspect of the invention, a method of heat 
assisted magnetic recording comprises applying heat to a magnetic recording medium 
and applying a magnetic write field to the heated portion of the magnetic recording 
medium using a write pole having a first layer and a second layer. The first layer has a 
first saturation magnetic moment and the second layer has a second saturation magnetic 
moment that is greater than the first saturation magnetic moment. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a pictorial representation of a disc drive system that may 
utilize a magnetic recording head in accordance with the invention. 
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Figure 2 is a partially schematic side view of a magnetic recording head 
and a magnetic recording medium in accordance with the invention. 

Figure 3 is a graphical illustration of magnetic write field profiles for a 
hybrid write pole structure constructed in accordance with the invention and a write pole 
having a single or uniform material. 

DKTAn . FD DESCRIPTION OF THE INVENTION 
The invention provides a magnetic recording head, and more particularly 
a heat assisted magnetic recording head with a hybrid write pole. The invention is 
particularly suitable for use with a magnetic disc drive storage system. A recording 
head, as used herein, is generally defined as a head capable of performing read and/or 
write operations. Perpendicular magnetic recording, as used herein, generally refers to 
orienting magnetic domains within a magnetic storage medium substantially 
perpendicular to the direction of travel of the recording head and/or recording medium. 

Figure 1 is a pictorial representation of a disc drive 10 that can utili2;e a 
magnetic recording head, which may be a perpendicular magnetic recording head, 
constiructed in accordance with this invention. The disc drive 10 includes a housing 12 
(with the upper portion removed and the lower portion visible in this view) sized and 
configured to contain the various components of the disc drive. The disc drive 10 
includes a spindle motor 14 for rotating at least one magnetic storage medium 16, which 
may be a perpendicular magnetic recording medium, within the housing. At least one 
arm 18 is contained within the housing 12, with each arm 18 having a first end 20 with a 
recording head or slider 22, and a second end 24 pivotally mounted on a shaft by a 
bearing 26. An actuator motor 28 is located at the arm's second end 24 for pivoting the 
arm 18 to position the recording head 22 over a desired sector or track 27 of the disc 16. 
The actuator motor 28 is regulated by a controller, which is not shown in this view and is 
well known in the art. 

Figure 2 is a partially schematic side view of a perpendicular magnetic 
recording head 22 and a perpendicular recording magnetic medium 16. Although an 
embodiment of the invention is described herein with reference to a perpendicular 
magnetic recording head, it will be appreciated that aspects of the invention may also be 
used in conjunction with other type recordiag heads where it may be desirable to employ 
heat assisted magnetic recording. Specifically, the recording head 22 may include a 
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writer section comprising a main write pole 30 and a return or opposing pole 32 that are 
magnetically coupled by a yoke or pedestal 35. It will be appreciated that the recording 
head 22 may be constructed with a write pole 30 only and no return pole 32 or yoke 35. 
A magnetization coil 33 surrounds the yoke or pedestal 35 for energizing the recordmg 
5 head 22, The recording head 22 also may include a read head, not shown, which may be 
any conventional type read head as is generally known in the art. 

Still referring to Figure 2, the perpendicular magnetic recording medium 
16 is positioned adjacent to or under the recording head 22 and travels in the direction of 
arrow A. The recording medium 16 includes a substrate 38, which may be made of any 

10 suitable material such as ceramic glass or amorphous glass. A soft magnetic underlayer 
40 is deposited on the substrate 38. The soft magnetic underlayer 40 may be made of 
any suitable material such as, for example, alloys or multilayers having Co, Fe, Ni, Pd, Pt 
or Ru. A hard magnetic recording layer 42 is deposited on the soft underlayer 40, with 
the perpendicular oriented magnetic domains 44 contained in the hard layer 42. Suitable 

15 hard magnetic materials for the hard magnetic recording layer 42 may include at least 
one material selected from, for example, FePt or CoCrPt alloys havmg a relatively high 
anisotropy at ambient temperature. 

Jn accordance with the invention, the main write pole 30 is a hybrid-type 
write pole structure. Specifically, the main write pole 30 includes a first layer 46 and a 

20 second layer 48. The second layer 48 may be formed directly adjacent to, in contact 
with, or on top of the first layer 46. The mam write pole 30 may have a thickness 30t in 
the range of about 4000 angstroms (A) to about 5000 A. The first layer of material 46 
may have a thickness 46t in the range of about 1000 A to about 4000 A. The second 
layer of material 48 may have a thickness 48t in the range of about 1000 A to about 3000- 

25 A. 

It is desirable to have a main write pole 30 having a relatively high 
saturation magnetic moment (Ms), thereby resulting in a strong magnetic write field H. 
The strong magnetic write field H permits use of a magnetic storage medium 16 having a 
relatively high coercivity or anisotropy, thereby limiting superparamagnetic instabOities 
30 at high recording densities. 

Referring to Figure 2, the first layer 46 is a relatively low saturation 
magnetic moment material that provides the necessary flux efficiency to conduct the 
magnetic flux to the second layer 48. The second layer 48 is a relatively high saturation 
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magnetic moment material that acts as the magnetic flux or magnetic field concentrating 
portion of the main write pole 30. Specifically, the first layer 46 is formed of a material 
having a saturation magnetic moment that may be, for example, less than about 1.0 Tesla 
(T). The first layer 46 may be generally referred to herein as a "low moment material" 
5 having a saturation magnetic moment generally within the range set forth herein. The 
second layer 48 is formed of a material having a saturation magnetic moment that is 
greater than die saturation magnetic moment of the first layer 46. For example, the 
second layer 48 may have a saturation magnetic moment tiiat is greater than about 1.8 T. 
The second layer 48 may be generally referred to herein as a "high moment material" 

10 having a saturation magnetic moment generally within the range set forth herein. 

The recording head 22 also includes means for heating die magnetic 
recording medium 16 proximate to where the write pole 30, and more specifically 
proximate to where the high moment material layer 48 applies the magnetic write field H 
to the recording medium 16. Specifically, the means for heating 50 may include, for 

15 example, an optical waveguide schematically represented by reference number 50. The 
optical waveguide 50 acts in association with a light source 52 which transmits light via 
an optical fiber 54 that is in optical conmiunication with the optical waveguide 50. This 
provides for the generation of a surface plasmon or guided mode that may travel tiirough 
the optical waveguide 50 toward a heat emission surface 56 that is formed along the ak- 

20 bearing surface thereof. Heat or thermal energy, generally designated by reference 
number 58, is transmitted from the heat emission surface 56 of the optical waveguide 50 
for heating a localized area of tiie recording medium 16, and particularly for heating a 
localized area of the recording layer 42. 

The optical waveguide 50 may include a light transmissive material in 

25 optical communication witii the light source 52 and optical fiber 54, as is generally 
known. The Ught transmissive material provides for the described generation of a 
surface plasmon or guided mode which propagate toward the medium 16. At the surface 
of the medium 16, tiie surface plasmon or guided mode can no longer propagate and a 
portion of its energy radiates light which in turn heats the medium 16. The light 

30 transmissive material may be formed, for example, fiom a silica based material, such as 
Si02, as is generally known. It will be appreciated that in addition to the light 
transmissive material, the waveguide 50 may include an optional cladding layer, such as 
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aluminum, positioned adjacent the light transmissive material or an optional overcoat 
layer, such as an alumina oxide, for protecting the waveguide 50, as is generally known. 

In addition to the optical waveguide 50, the means for heating the 
recording medium 16 may include other structures or devices for providing the necessary 
optical energy or thermal energy for heating the recording medium 16 and confining that 
energy to the recording spot. For example, the means for heating may include a 
waveguide, an antenna, a solid immersion lens, a waveguide mode index lens, or a 
surface plasmon lens. 

The light source 52 may be, for example, a laser diode, or other suitable 

laser light sources. 

To most effectively heat the recording medium 16, the heat emission 
surface 56 of the optical waveguide 50 may be spaced apart from the medium 16 and, 
more specifically, spaced apart firom the recording layer 42, a distance D of about 5 nm 
to about 200 nm. It will be appreciated that the distance D is also dependent on the fly 
height required to maintain an acceptable signal-to-noise ratio (SNR) for the reader of 
the recording head 22. 

The means for heating, and specifically the optical waveguide 50 or other 
structure, may be located adjacent to the second layer 48 of the write pole 30. More 
specifically, the optical waveguide 50 may be integrally formed with the write pole 30. 
Advantageously, these arrangements allow for heating of the recording medixun 16 in 
close proximity to where the write pole 30, and specifically tiie second layer 48 thereof, 
applies die magnetic write field H to the recording medium 16. It also provides for the 
ability to align the waveguide 50 witii the write pole 30 to maintain the heating 
application in flie same track 27 of the medium 16 where the writing is taking place. 
Locating the optical waveguide 50 adjacent to the second layer 48 and/or integrally 
forming the optical waveguide 50 therewith, provides for increased writing efficiency 
due to the write field H being applied immediately downtrack from where the recordmg 
medium 16 has been heated. Advantageously, tiie use of tiie hybrid write pole 30 allows 
for optimum positioning of the optical waveguide 50 and tiie magnetic field H 
concentrating portion of the write pole, i.e., tiie second layer 48, relative to one anotiier 
for heating and writing, in close proximity. The hot spot may ideally raise the 
temperature of the medium 16 to, for example, approximately 200°C. The recording 
takes place at the Uiermal contour in tiie medium 16 for which the coercivity is equal to 
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the applied recording field. IdeaUy, this contour should be near the edge of the recordmg 
pole 30 where the magnetic field gradients are the largest. This will record the sharpest 
transition in the medium 16. 

To further illustrate the benefit of the hybrid write pole 30, reference is 
5 made to Figure 3. Specifically, Figure 3 illustrates two magnetic field profiles versus the 
distance at which writing takes place from a trailing edge 60 (see Figure 2) of the write 
pole 30. Line 62 represents the field profile for a hybrid write pole structure, such as 
write pole 30, wherein the first layer 46 has a thickness of 2000 A and a saturation 
magnetic moment of 0.7T and the second layer 48 has a thickness of 3000 A and a 

10 saturation magnetic moment of 2.0T. Line 64 represents the magnetic field profile for a 
write pole formed of a single or uniform material, i.e., a non-hybrid pole structure, 
wherein the write pole has a thickness of 5000 A and the material of the write pole has a 
saturation magnetic moment of 2.0T. As illustrated in Figure 3, the point of writing for 
the hybrid write pole 30 is approximately 2500 A -3000 A firom the trailing edge 60 (this 

15 point of writing distance is illustrated as W in Figure 2). In contrast, the point of writing 
for the single or uniform material write pole structure is approximately 5000 A from a 
corresponding trailing edge thereof. Accordingly, it will be appreciated that the hybrid 
write pole 30 provides for the writing to take place at a location that is closer to the 
location in which the optical waveguide, or other means for heating that may be used, is 

20 positioned for heating the recording medium 16. This allows for tiie writing to take 
place while tiie temperature of the recording medium 16 is higher than the temperature at 
which writing would take place in a single or uniform material pole structure. 

In operation, the recording medium 16 is passed under the recording head 
22, in tiie direction indicated by arrow A. The light source 52 transmits light energy via 

25 die optical fiber 54 to tiie optical waveguide 50. The optical waveguide 50 transmits 
fi:om tiie heat emission surface 56 tiiereof tiie optical or tiiermal energy for heating tiie 
recording medium 16. More specifically, a localized area of the recording layer 42 is 
heated to lower die coercivity thereof prior to the write pole 30 applying a magnetic 
write field H to the recording medium 16. Advantageously, this allows for a higher 

30 coercivity medium material to be used while limiting tiie superparamagnetic mstabilities 
that may occur with such recording media used for high recording densities. 

At a downtrack location from where tiie medium 16 is heated, the 
magnetic write pole 30 applies a magnetic write field to the medium 16 for storing 
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magnetic data in the recording medium 16. The write field H is appUed while the 
recording medium 16 remains at a sufficiently high temperature for lowering the 
coercivity of the recording medium 16. This insures that the write pole 30 and, 
specifically, the high moment second layer 48 thereof can provide a sufficient or high 
' enough magnetic write field to perform a write operation on the recording medium 16. 
As described herein, the hybrid write pole 30 advantageously allows for the point of 
writing to be in close proximity to where the recording medium 16 is heated. Otherwise, 
the larger the distance between the point of writing and the point of heating results in a 
less efficient recording process due to the recording medium temperature having a longer 
time to cool prior to the write field H being applied to the medium 16. 

Whereas particular embodiments have been described herein for the 
purpose of illustrating the invention and not for the purpose of limiting the same, it will 
be appreciated by those of ordinary skill in the art that numerous variations of the details, 
materials, and arrangement of parts may be made within thfc principle and scope of the 
invention without departing ftom the invention as described in the appended claims. 
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WHAT IS CLAIMED IS: 

1. A magnetic recording head 22 for use in conjunction with a 

magnetic recording medium 16, comprising: 

a write pole 30 for applying a magnetic write field H to the 
magnetic recording medium 16, said write pole 30 comprising a first layer 46 and a 
second layer 48, said first layer 46 having a first saturation magnetic moment and said 
second layer 48 having a second saturation magnetic moment tiiat is greater tiian said 
first saturation magnetic moment; and 

means for heating 50 tiie magnetic recording medium proximate to 
where said write pole 30 applies said magnetic write field H to tiie magnetic recording 
medium 16. 

2. The magnetic recording head 22 of claim 1, wherein said means 
for heating 50 is located adjacent to said second layer 48 of said write pole 30. 

3. The magnetic recording head 22 of claim 1, wherein said means 
for heating 50 is integrally formed with said write pole 30. 

4. The magnetic recording head 22 of claim 1, wherein said means 
for heating 50 includes an optical waveguide 50. 

5. The magnetic recording head 22 of claim 1, wherein said means 
for heating 50 mcludes an optical antenna. 

6. The magnetic recording head 22 of clahn 1, wherem said write 
pole 30 is located down track from said means for heating 50. 

7. The magnetic recording head 22 of claim 1, wherein said first 
layer 46 has a thickness m the range of about 1000 A to about 4000 A. 

8. The magnetic recording head 22 of claim 1. wherein said first 
saturation magnetic moment is less than about 1.0 T. 

9. The magnetic recording head 22 of claim 1, wherein said second 
layer 48 has a thickness in the range of about 1000 A to about 3000 A, 

10. The magnetic recording head 22 of claim 1, wherein said second 
saturation magnetic moment is greater than about 1.8 T. 

11. The magnetic recording head 22 of claim 1, wherein said means 
for heating 50 includes a heat emission surface 56 located at an air-bearing surface 
thereof. 
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12. The magnetic recording head 22 of claim 11. wherein said heat 
emission surface 56 is spaced apart from the magnetic recording medium a distance D of 
about 5 nm to about 200 nm. 

13. The magnetic recording head 22 of claim 1, wherein said second 
layer 48 is the magnetic write field concentrating portion for applying the magnetic write 
field H to the magnetic recording medium 16. 

14. A magnetic disc drive storage system 10, comprising: 
a magnetic recording medium 16; and 

a magnetic recording head 22 positioned adjacent to said magnetic 
recording medium 16, said magnetic recording head 22 comprising: 

a write pole 30 for applying a magnetic write field H to the 
magnetic recording medium 16, said write pole 30 conq)rising a first layer 46 and a 
second layer 48, said Tvrsi layer 46 having a fu^t saturation magnetic moment and said 
second layer 48 having a second saturation magnetic moment that is greater than said 
first saturation magnetic moment; and 

means for heating 50 the magnetic recording medium 16 
proxunate to where said write pole 30 applies said magnetic write field H to the magnetic 

recording medium 16. 

15. The system 10 of claim 14, wherein said means for heating 50 is 

located adjacent to said second layer 48 of said write pole 30. 

16. The system 10 of claim 14, wherein said means for heating 50 is 

integrally formed with said write pole 30. 

17. The system 10 of claim 14, wherein the magnetic recording head 

22 is a perpendicular magnetic recording head. 

18. The system 10 of claim 14, wherein the magnetic recording 
medium 16 is a perpendicular magnetic recording medium. 

19. A method of heat assisted magnetic recording, comprising: 
applying heat to a magnetic recording medium 16; and 
applying a magnetic write field H to tiie heated portion of tiie 

magnetic recording medium using a write pole 30 having a first layer 46 and a second 
layer 48. wherein the first layer 46 has a first saturation magnetic moment and the second 
layer 48 has a second saturation magnetic moment tiiat is greater tiian the first saturation 
magnetic moment. 
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20. The method of claim 19, further including positioning the second 
layer 48 of the write pole 30 adjacent to where the heat is applied to the magnetic 
recording medium 16. 



wo 03/060882 



1/2 



PCT/US02/16719 




FIG. 1 



wo 03/060882 



PCT/US02/16719 



22 



32- 



16 



40 — 



Q 

m 



0.0 
-0.2 
-0.4 
-0.6 
-0.8 
-1.0 
-1.2 
-1.4 
-1.6 
-1.8 



2/2 



33 



•35^ rV 30 



H 



I 



33-4: 46 
46t- 
42 44 



-52 
54 



W t i t j 



-48 
-50 

-30t 

-60 

-48t 

•w 

—56 
58-^ T-D 




38 






















— —A 












ji 












— 

i — 










62 -y^ 


1 












.V 


-POINT OF WRITING 








1 
/ 































-2000 0 2000 4000 6000 8000 10000 
POSITION (ANGSTROMS) 

FIG, 3 



INTERNATIONAL SEARCH REPORT 



Internal! ^pplieetlon No 

PCT/U5 02/16719 



A. CLA88IRCATI0N OF SUBJECT MATTER . 

IPC 7 G11B5/00 G11B5/127 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation eearched (classificBtlon system followed by classification symbols) 

IPC 7 GllB 



Documentation searched other than minimum documentation to the extent that such documents are Included In the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



wo 01 97214 A (KONINKL PHILIPS ELECTRONICS 
NV) 20 December 2001 (2001-12-20) 
the whole document 

WO 01 22407 A (LITVINOV DMITRI ;KHIZR0EV 
SAKHRAT (US); SEAGATE TECHNOLOGY LLC (US) 
29 March 2001 (2001-03-29) 
page 4, line 27 -page 5, line 13 

US 4 672 493 A (SCHEWE HERBERT) 

9 June 1987 (1987-06-09) 

column 5, line 38 - line 65; claims 12,15 

US 6 016 290 A (CHEN HONG ET AL) 
18 January 2000 (2000-01-18) 
column 8, line 33 - line 45 

-/-- 



1-4,6, 
11,13-20 



1,10 



1,8 



1,11 



m 



Further'documents are listed In the continuation of box C. 



Patent family members are listed in annex. 



Specta) categories of cited documents : 

"A" document defining the general state of the art which Is not 

considered to be of particular relevance 
'E" earlier document but published on or after the international 

filing date 

1* document which may throw doubts or\ priority ciaim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified} 

C document referring to an omi disclosure, use, exhibition or 
other means 

P" document published prior to the international filing dale but 
later than the priority date claimed 



T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underiying the 
invention 

'X* document of particular relevance: the claimed Invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document Is taken alone 

"Y* docunrtent of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document rs combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art 

document member of the same patent family 



Date of the actual completion of the International search 



15 November 2002 



Date of mailing of the international search report 



25/11/2002 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 

NL-2280HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



FUX, J 



form PCT/ISA/210 (second sheet) (July 1992) 



*pag€ 1 of 2 



INTERNATIONAL SEARCH REPORT 



Internati 



ppHcatfon No 



PCT/U5> 02/16719 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with incDcatlon.where appropriate, of the relevant passages 



Relevant to claim No. 



us 5 986 978 A (CHENG CHARLES C-K ET AL) 

16 November 1999 (1999-11-16) 

WO 97 23867 A (CENSTOR CORP) 
3 July 1997 (1997-07-03) 

US 5 317 800 A (VALETTE SERGE ET AL) 
7 June 1994 (1994-06-07) 

US 5 696 372 A (SCHOELKOPF III ROBERT J 
ET AL) 9 December 1997 (1997-12-09) 

GROBER R D ET AL: "OPTICAL ANTENNA: 
TOWARDS A UNITY EFFICIENCY NEAR-FIELD 
OPTICAL PROBE- 
APPLIED PHYSICS LETTERS, AMERICAN 
INSTITUTE OF PHYSICS. NEW YORK, US, 
vol. 70, no. 11, 

17 March 1997 (1997-03-17), pages 
1354-1356, XP000689035 

ISSN: 0003-6951 



form ^CT/lSA/210 tcontirujallon of second sheet) (July 1992) 



f age 2 of 



2 



INTERNATIONAL SEARCH REPORT 
inramauon on patent family memDers 


tntfirnfltir innllratlnn Mm 

PCT/U:> 02/16719 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



wo 0197214 A 20-12-2001 WO 0197214 A2 20-12-2001 



WO 0122407 A 29-03-2001 EP 1214709 Al 19-06-2002 

WO 0122407 Al 29-03-2001 



US 4672493 



09-06-1987 



DE 
AT 
DE 
EP 
OP 



3501810 Al 
39303 T 
3566848 01 
0W6890 Al 
60243812 A 



24-07-1986 
15-12-1988 
19-01-1989 
08-01-1986 
03-12-1985 



US 6016290 



18-01-2000 US 



6404706 81 



11-06-2002 



US 5986978 
WO 9723867 



A 
A 



lt-1 1-1999 WO 



9935643 Al 



03-07-1997 



US 6320725 81 

4JS 2002093761 Al 

UO 9723867 Al 

US 6198607 81 

US 6212047 Bl 

US 2001055183 Al 



15-07-1999 



20-11-2001 
18-07-2002 
03-07-1997 
06-03-2001 
03-04-2001 
27-12-2001 



US 5317800 A 07-06-1994 FR 2676303 Al 13-11-1992 

EP 0512915 Al 11-11-1992 

JP 5128618 A 25-05-1993 

US 5440530 A 08-08-1995 

US 5696372 A 09-12-1997 NONE 



Fbfm PCT/lSA/210 (patent family annex) ^July 1992) 



